Objective: To identify whether measures of energy intake and expenditure predict excessive weight gain over time in children and to describe how these measures relate to similar measures in parents. Design: Prospective, descriptive study over 12 months with no intervention. Setting: University teaching hospital. Subjects: Children aged between 6.0 and 9.0 y. Recruitment was through advertisement. A total of 59 children (30 F), 41 mothers and 29 fathers. In all, 41 (69%) of the children were reviewed at 12 months (20 F). Results: No significant correlations were identified between body mass index (BMI) z-score change in children over 12 months for any dietary variable or for any measures of energy expenditure, including hours of television viewing or percent time spent in low-, moderate-or high-intensity activity. The BMI z-score change over 12 months was significantly correlated with LDL cholesterol and Apo B/ApoA-1 ratio, independent of percent body fat (r ¼ 0.45, P ¼ 0.01; r ¼ 0.37, P ¼ 0.03). A significant positive correlation was found for mothers and girls for percent time in moderate to high activity (r ¼ 0.44, P ¼ 0.03) and between fathers and children for percent time spent in low activity (r ¼ 0.43, P ¼ 0.005). Conclusions: The study has been unable to identify environmental predictors that indicate propensity to faster weight gain over time in this cohort of children, but has extended the evidence on lifestyle-influenced biochemical predictors that do. An overall lack of vigorous activity in this age group, and correlations between parental and child activity and inactivity have been identified.
Introduction
Childhood obesity is increasingly prevalent, and has become a special area of interest for public health prevention and intervention initiatives (World health Organisation, 1998) . Such initiatives are directed at reducing fat intake and sedentary behaviours, and increasing physical activity. Family influences on eating (Koivisto- Hursti, 1999; Birch & Fisher, 2000) and activity behaviours (Sallis et al, 1988; Moore et al, 1991; Fogelholm et al, 1999) are important and are likely to impact on prevention and intervention strategies.
Prospective (Klesges et al, 1995; Berkey et al, 2000) and cross-sectional data (Gazzaniga & Burns, 1993) support the association of dietary fat content with weight gain in children. Childhood overweight has been found in some studies to be associated with low levels of physical activity (Moussa et al, 1994; Moore et al, 1995) and high levels of sedentary activities (Klesges et al, 1995) , although these findings are not universal (DuRant et al, 1994; Dwyer et al, 1998) . Goran et al (1998) in a 4-y prospective study of preadolescent children, was unable to demonstrate an inverse relation between energy expenditure and change in fat mass over time. Other doubly labelled water studies in children have found that estimated energy requirements are greater than actual energy expenditure (Fontvieille et al, 1993; Ball et al, 2001) , which suggests that physical activity levels are declining.
In the consideration of environmental influences on body fatness in children, dietary intake and physical activity are both intentionally modifiable components of 24-h energy balance. However, there currently exist no simple clinical measures to identify those children who may be 'at risk' of gaining excess weight under certain environmental conditions. Knowledge of such indicators may be important in helping focus prevention and intervention efforts.
The first aim of this study was to identify, prospectively, whether simply measured indicators of energy intake and expenditure might predict excessive weight gain over time in a cohort of prepubescent children, who had been well described in biochemical and metabolic terms, and in whom we have previously identified some biochemical predictors of weight gain (Byrnes et al, 1999) . The second aim was to add further information about the relation between weight gain and biochemical predictors in prepubescent children. The third aim was to describe how these simple measures of energy intake and expenditure in children might relate to similar measures in parents.
Methods
This study was part of an investigation exploring biochemical and environmental factors in the development of excessive weight gain in prepubertal children. Anthropometric and biochemical data from this study have been reported elsewhere (Byrnes et al, 1999) . The study protocol was approved by the Ethics Committee of the Central Sydney Area Health Service.
Subjects
Prepubertal children aged between 6.0 and 9.0 y were selected via families, and had at least one biological parent agreeable to participate, and a family commitment to continued follow-up for at least 12 months. The prepubertal state was defined by self-report using comparisons with diagrammatic Tanner puberty stages and maternal confirmation. The former method compares well with observer staging of puberty (Duke et al, 1980) . The lower age limit was chosen to ensure a degree of cooperation with blood collection and other aspects of the study. Recruitment was undertaken through advertising in the investigating institution and in nongovernment schools in the local area, as previously described. The intention was to recruit subjects with a range of body fatness.
Procedures
The initial assessment of subjects was after an overnight fast (minimum 9 h).
Anthropometry
Height and weight were measured using standard techniques while the subject was wearing light clothes and bare-footed. Height was measured to the nearest 0.1 cm and weight to the nearest 0.1 kg. Children's body mass index (BMI; weight/ height 2 ) was expressed as a BMI z-score and percentile using NCHS reference values (Hammer et al, 1991) . This method was used to standardise the BMI value for age and gender.
Body composition
Body composition was determined using bioelectrical impedance analysis (BIA), performed using a BIA 101 instrument (RJL Systems, Detroit, USA). Lean body mass and fat mass were calculated using the regression equation of the manufacturer. Body fat was also measured using sum of skinfolds with the equation of Deurenberg (Westrate & Deurenberg, 1991) .
Indirect calorimetry
Indirect calorimetry with a flow through ventilated hood (Datex Deltatrac; Finland) was used to determine subjects' resting metabolic rate (RMR) and nonprotein respiratory quotient (RQ) in both children and their parents. Patients were studied in the fasted state in an air conditioned room while resting in a semireclined comfortable chair and with monitoring of gas exchange for a minimum of 20 min.
Dietary intake
Each child and parent completed a 3-day food record. The dietary intake record was explained to parents at the time of their first visit to the study centre. With assistance from their child, parents were asked to record their child's food and drink intake for 3 consecutive days, including 1 weekend day. Data were entered into DIET 1 Version 4.0 computer program (Xyris Software, Highgate Hill, Queensland), which is based on a recent database of Australian foods. The average of 3 days was recorded. Data were also collected regarding children's eating routines and snacking habits. Dietary under-reporting was defined as any calculated total daily intake that was less than 1.1 Â RMR (Goldberg et al, 1991) . Dietary data obtained were compared with those from the 1995 Australian National Nutrition Survey (Australian Food, activity and family N Bogaert et al Bureau of Statistics, 1998) . It should be noted that the National Nutrition Survey used the 24-h dietary recall method.
Physical activity record
The Bouchard activity record (Bouchard et al, 1983) , completed by parents for themselves and their children, was used as a physical activity diary record. Each day is divided into 96 periods of 15 min and activity is a categorical variable from 1 to 9 (variables were modified from the original Bouchard questionnaire in order to be applicable to Australian children). Data were analysed without sleeping hours included. In subsequent analyses of physical activity, the percent time in categories 2 and 3 was recorded as low activity, percent time in categories 4 and 5 as moderate activity and percent time in categories 6-8 as moderate to high activity. No child or parent was involved in activity category 9. Reliability and validity studies of the Bouchard three-day activity record have shown that the relation between first test and 6-10-day retest (intraclass correlation) using 61 adults and children have a reliability of 0.91 for children and 0.97 for adults (Po0.05 for both) (Pereira et al, 1997) . Validition of a submaximal cycle test and percent body fat (interclass correlations) were 0.31 and À0.13, respectively (Po0.05) using 150 adults and 150 children.
Step test In order to seek a physiological effect of recorded physical activity, the Montoye step test (Montoye, 1975) was used for both children and parents with the step height modified for children. The resting pulse rate was taken after indirect calorimetry when the subject had rested for at least 30 min and was still seated. The step test was conducted in an airconditioned room (22711C). Pulse rate was monitored continuously with a digital recorder (Polar Heart Rate Monitor) while the subject stepped at 24 steps/min for 3 min and then for 5 min after the test while the subject was seated. A metronome rhythm instrument was used to indicate the stepping rate.
Lifestyle indicators of physical activity and inactivity
Parents completed a questionnaire for themselves and their children regarding hours spent watching television per week and hours devoted to planned physical activity per week (group sport, gym, dance, etc.).
Lipid profile
Subfraction analysis was undertaken to define the lipid fractions, which are known to be most influenced by environment and lifestyle. LDL cholesterol was calculated from total and HDL cholesterol using the Friedewald equation (Friedewald et al, 1972) . Apoprotein A-1 and B were directly measured using a turbitimer (Behring). An Apo B/Apo A-1 ratio was calculated.
Follow-up of children At 6 and 12 months after the initial assessment, the children's height and weight were remeasured. A child's relative weight gain or loss was defined as the change in BMI z-score between baseline and 12 months. An attempt was made to follow-up each participant at each 6 month interval by letter and phone. No significant differences in baseline variables were observed between children who attended for follow-up and those who did not.
Statistical analysis
Statistical analyses were performed using NCSS 6.0 Statistical System for Windows (Kaysville, UT, USA) and Statview 4.02 (Abacus Concepts, Berkeley, CA, USA). Results for normally distributed data are presented as mean7standard error of the mean (s.e.m.) and non-normally distributed data are presented as median and interquartile range (IQR Q 1 -Q 3 ). Nonnormality was identified using the D'Agostino Omnibus test.
Initially, descriptive data were derived and gender differences identified by unpaired t-test. Some data were further categorised into high vs low scores by median split and compared by mean difference (unpaired t-test). Analysis of covariance (GLM ANOVA) was used for comparison of groups involving lean body mass adjustment. Correlations were calculated to test the relation between the variables, and partial correlations were used to adjust for confounding variables. Pearson's product moment correlation was used to test the relation between variables with a normal distribution. Spearman's rank order correlation was used to test the relation of non-normally distributed data. A P-value less than 0.05 was considered statistically significant.
Results

Subjects
A total of 43 families participated in the initial assessment phase, 59 prepubertal children (30 F), 41 mothers and 29 fathers. In all, 41 (69%) of the children were reviewed at 12 months (20 F). The mean age for the children at baseline was 8.670.2 y, with no significant age difference found between boys and girls. The mean age for mothers and fathers at baseline was 39.570.7 and 41.771.0 y, respectively.
Anthropometric characteristics
No significant gender differences were observed for initial height, weight, BMI percentile or BMI z-scores in the children. The boys' BMI z-score was 0.370.1 and the girls score was 0.570.3. Percentage body fat was 18.471.2 for Food, activity (Byrnes et al, 1999) . In children, a significant positive correlation was found between percent body fat when measured by BIA or calculated from skin folds using the Deurenberg equation (r ¼ 0.78, Po 0.0001). The significance was maintained when males and females were considered separately (r ¼ 0.69, Po0.0001; r ¼ 0.83, Po0.0001, respectively). A significant positive correlation was also found between percentage body fat measured by BIA and initial BMI z-score (r ¼ 0.50, P ¼ 0.0001). The corresponding results for male and female children were r ¼ 0. 
Dietary history
Over 90% of children were breastfed for at least 1 week, with an average duration of 35.2728.2 weeks (range 1-104). Dietary history data are given in Table 1 , with data from the National Nutrition Survey shown in parantheses, and using National Nutrition Survey age groupings (Australian Bureau of Statistics, 1998). The reported daily dietary intake for children was over 10% lower than the National Nutrition Survey. Detailed analysis of dietary data records showed that most children ate three main meals a day, with additional snacks. Take-away meals were consumed less than once per week.
The average daily intake for mothers and fathers was 17 and 24% lower, respectively, than that of the National Nutrition Survey, and the macronutrient distribution, including fatty acid subtype distribution was similar to that of their children (data not shown).
Under-reporting
Under-reporting was identified in 21.5% of children, with no gender preponderance. However, under-reporting in boys was global for the three macronutrient groups, whereas in girls under-reporting was significantly greater for protein and carbohydrate. For parents, the under-reporting figures were 52 and 45% for mothers and fathers, respectively. Onethird of mothers who were low-energy reporters also reported low-energy intakes for their children. The girls classified as under-reporters were significantly heavier at baseline BMI z-score and had a higher percentage body fat than girls who were not under-reporters, 2.172.4 vs 0.1571.1 (P ¼ 0.01), 31.776.9 vs 24.174.4% (P ¼ 0.004). There was no difference in BMI z-score between underreporting and nonunder-reporting boys (data not shown).
Dietary intake and weight change over 12 months
We were unable to demonstrate a positive relation between dietary fat and BMI z-score change from baseline to 12 months. There were no other significant correlations identified between BMI z-score change and any measured dietary variable. Under-reporting did not predict BMI z-score change over 12 months.
Bouchard activity diary
The percent time spent in different intensities of physical activity, using the Bouchard activity diary record, is shown in Food, activity and family N Bogaert et al Table 2 . There were no gender differences identified in the time spent in low, moderate and moderate-high activity. The important finding was that the percent time spent in lowintensity activity correlated significantly with percent body fat for all children (r ¼ 0.28, P ¼ 0.04), but when genders were considered separately, only girls had a trend towards a significant relationship (r ¼ 0.4, P ¼ 0.06). Subjects were divided into rmedian and 4median for the three intensities of activity. Those in the rmedian group for percent time in moderate to high activity, had a significantly higher resting pulse compared to those in the 4median group for percent time in moderate to high activity, 8572.3 compared to 7872.3 bpm, respectively (P ¼ 0.02). There were no other significant findings.
Montoye step test
In comparison to girls, boys had a significantly lower mean pulse rate at resting (P ¼ 0.02), and at poststepping intervals of 30 s (P ¼ 0.009), 1 min (P ¼ 0.01), 2 min (P ¼ 0.01), 3 min (P ¼ 0.02), 4 min (P ¼ 0.02) and at 5 min (P ¼ 0.04). No significant gender differences were observed for pulse rate while stepping (Figure 1 ).
Other activity indicators
The median amount of time spent in planned activity per week was 2 (IQR 2) h. No significant difference was observed between boys and girls for planned activity (P ¼ 0.82), with boys spending 2.9 (IQR 1-3) h per week in planned activity and girls spending 3.0 (IQR 2-3) h. There was a highly significant negative correlation between resting pulse rate and hours of planned physical activity for the cohort of children (r ¼ À0.36, p ¼ 0.008). The mean number of television viewing hours per week was 11.170.8. No significant difference was observed between boys and girls for television viewing hours per week, with boys watching 12.371.2 and girls watching 9.971.2 h per week (P ¼ 0.16). No correlation was found between percent body fat and hours of television watched or hours of planned activity.
Correlation analysis between BMI z-score change and measures of energy expenditure For the entire cohort of children, no significant correlation was found between BMI z-score change and baseline adjusted RMR, fasting RQ, hours of planned exercise, hours of television viewing and either percent time in lowintensity activity, percent time in moderate intensity activity and percent time in moderate to high intensity activity. In addition, no differences were found between those with a change in BMI z-score from baseline to 12 months rmedian compared to those with a change in BMI z-score baseline to 12 months 4median for any of the variables of interest.
Lipid subfractions
The Pearsons correlation coefficients between weight change and lipoprotein subfractions are shown in Table 3 . The BMI z-score change over 12 months was significantly correlated with LDL cholesterol and Apo B/ApoA-1 ratio and both these relationships were independent of percent body fat. Thus both a calculated lipid subfraction, LDL cholesterol, and an independent measurement of the apoprotein components of the lipoproteins, the apoprotein B/A 1 ratio, are predictive of weight gain.
Parental data
The activity characteristics of the 29 fathers and 41 mothers studied are shown in Table 4 .
A significant positive correlation was found for mothers and girls for percent time in moderate to high activity The percentage times are calculated from the Bouchard activity diary. Results are presented as median (IQR) for non-normally distributed data and mean7s.e.m. for normal data. (Only the nonsleeping hours are included in the calculation.) Figure 1 Pulse rate (bpm) during the 3 min Montoye step test and for 5 min poststepping in prepubescent children.
Food, activity and family N Bogaert et al (r ¼ 0.44, P ¼ 0.03). Importantly, between fathers and the cohort of children, a strong, significant positive correlation was found for percent time spent in low activity (r ¼ 0.43, P ¼ 0.005).
Discussion
This cohort of children has characteristics that are not dissimilar to larger Australian cohorts. The dietary history is relatively comparable to the 1995 National Nutrition Survey (Australian Bureau of Statistics, 1998). Physical activity is similar to some components of the New South Wales Schools Fitness and Physical Activity Survey (1997), although methodologies are not identical. Mean television viewing hours were considerably less than those reported in the American literature (Gortmaker et al, 1996) . We have already identified leptin and total cholesterol as independent predictors of prospective weight gain in this cohort of prepubertal children (Byrnes et al, 1999) . The leptin finding is important to the understanding of influences on childhood weight gain, but does not provide immediate practical guidelines for early intervention or prevention in childhood obesity. Our previous study had identified that total cholesterol was a more significant predictor of weight gain than insulin, which had been a more likely candidate based on the findings of others. Analysis of lipid fractions was thus extended to include calculated LDL cholesterol and lipoprotein measurement, which have been shown to be particularly sensitive to environmental manipulation. The BMI z-score change over 12 months in the study cohort of children was significantly correlated with LDL cholesterol and Apo B/ApoA-1 ratio. Thus, it is the low-density lipoprotein fraction only that is strongly predictive of BMI z-score change over 12 months, and this relation is independent of percent body fat. This finding is reflected in the independent measurement of the apoprotein components of the lipoproteins, as the apoprotein B/A-1 ratio is also predictive of weight gain. It is not possible to determine, due to study design, whether these lipid predictors are entirely independent predictors or whether these covary with known environmental effectors, such as dietary fat and physical activity. This is, however, a strong finding and a potential practical identifier of increased risk of excessive weight gain.
Environmental influences on prospective weight gain were sought, as having a potential to be of immediate value when considering intervention and prevention strategies. Despite the inclusion of a large number of variables related to dietary intake, physical activity and physical fitness, we were unable to identify any physical activity or sedentary activity environmental predictors of prospective weight gain in this group of children. The relative imprecision of measures of dietary intake and physical activity, particularly when compared to laboratory measures, and relatively small cohort numbers may have contributed to this finding.
Despite the fact that environmental variables were generally noncontributary to the prediction of excess weight gain, there are some interesting findings related to both environmental variables and parental data. In particular, these relate to gender differences, in an age grouping where gender differences are not consistently sought. A significant gender difference was found between males and females for adjusted RMR, with boys having higher RMR than girls. This is supported by previous studies in adults (Arciero et al, 1993) and confirms a recent paediatric study (Molnar & Schutz, 1997) . This may represent as yet undescribed gender differences related to autonomic or central nervous system function.
A gender difference was found in dietary under-reporting. The heavier and fatter girls were more likely to under-report, a phenomenon not observed in boys. Increasing age (Champagne et al, 1998) and female gender in adolescence (Sichert-Hellert et al, 1998) have been associated with underreporting previously. As mothers almost universally completed these records, this could be seen as under-reporting by proxy. This is not an inconceivable situation, as maternal 'transmission' to daughters of negative eating attitudes has been previously described (Fisher & Birch, 2000) .
Evidence exists for a positive relation between adiposity and measures of physical activity levels in children (Moussa Ward et al, 1997; Baur et al, 2000) . Our cohort also demonstrated a positive correlation between percent time spent in low-intensity activity (as measured by the Bouchard questionnaire) and percent body fat at baseline, despite modest cohort numbers. However, in this study no correlation was found between weight gain over time and the measures of physical activity employed, similar to Mamalakis et al (2000) , and dissimilar to the findings of others (Klesges et al, 1995; Moore et al, 1995) . Berkey et al (2000) identified less physical activity in girls and greater use of small screen entertainment in boys as predictors of greater weight gain over time, although this cohort was significantly older than ours. Identifyng simple but accurate measures of physical activity are difficult in children. Frequency, duration, type and intensity are not easy to document precisely, particularly in this age group. Over-reporting or underreporting of physical activity are further possible limitations. More sophisticated measures of activity, such as motion monitors, might have provided more accurate information. Of concern are the low levels of physical activity reported in this cohort of children, especially given that physical activity levels could be expected to reduce further with age (Dennison et al, 1988 ). An inverse relation has been found by others between adiposity and various measures of physical fitness in children, although generally these were older cohorts (Huttunen et al, 1986; Malina et al, 1995; Ward et al, 1997) . Our study found that those children who spent more time in both moderate to high activity and planned physical activity had lower resting pulse rates, as an indicator of physical fitness. However, we were not able to demonstrate a relation between fitness and fatness. Male children demonstrated a lower heart rate response than females at most time points in the specific fitness test. Dennison et al (1988) found in male children that physical fitness tests were predictive of adult physical activity levels, thus providing a possible method to identify those children at risk of becoming inactive adults.
The children in the study had a similar activity profile to their parents, consistent with environmental influences and secular trends. Our findings are similar to other studies (Sallis et al, 1988; Moore et al, 1991) of a 'modelling' effect for activity. We found a significant relationship between mothers and daughters for time spent in moderate to highintensity activity. A relationship was also found between fathers and children for percent time spent in low or sedentary activity, which is similar to the findings of Fogelholm et al (1999) . The Bouchard questionnaire was generally completed by mothers for their children and themselves and by fathers for themselves, which raises the possibility of report bias.
In conclusion, this study has extended the evidence on biochemical predictors, which identify propensity to faster weight gain over time in childrenFbiochemical predictors that are lifestyle influenced. The study has, however, been unable to identify environmental predictors of the same. Such predictors would have been useful, given the increasing prevalence of childhood overweight and obesity and the focus on early intervention in and prevention of childhood obesity. The important environmental findings are the overall lack of vigorous activity in this age group, and the correlations between parental and child activity in an Australian population. Both these findings are of significance when planning intervention/prevention programmes in children, with an emphasis on increasing physical activity and reducing sedentary behaviours.
